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(g) Hand held bar code reader. 

(g) A hand-held bar code reader with a two di- 
mensional image sensor for omnidirectional bar 
code reading, includes variable imaging optics 
{10A, 108), and flash illumination with variable 
flash illumination optics (18, 20). A spotter beam 
(26) is provided for aiming the hand held bar 
code reader at a bar code symtxil. The spotter 
beam (26) is also used to measure the rang 6 to 
said bar code from said hand held bar code 
reader and to determine the focal length of said 
variable imaging optics (10A, 108) and variable 
flash illumination optics (18, 20). The imaging 
optics (10A, 108) are adjusted automatically to 
provide the correct magnification and focus of a 
bar code regardless of range to the label. The 
variable focal length flash illumination optics 
(18, 20) are used to concentrate illumination 
energy only in the field of view of the bar code 
reader. The flash illumination energy is conser- 
ved by measuring the ambient light and setting 
the level of flash illumination energy In accord- 
ance with the measured level of ambient lighL 
In such manner, conventional, damaged, multi- 
ple, and stacked bar codes symbols along with 
true two dimensional codes may be rapidly read 
over distances from under one foot to over 
several feet without having to align the bar code 
reader to the bar code. 
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The invention relates to an improved method and 
apparatus for reading bar codes, and has particular 
utility in enabling bar codes to be read omnidlrectlon- 
atly over a wide range of distances. The invention is 
particularly applicable to hand-held barcode readers. 

Various types of hand-held bar code readers such 
as wands, fixed beam, moving beam, and linear CCD 
readers, have been developed for many applications. 
Such examples of prior art hand held bar code read- 
ers are not omnidirectional, and therefore suffer from 
serious drawbacks including limited range, the need 
to align the reader scan line with the bar code (i.e. lack 
omnidirectionality), inability to read damaged, poorly 
printed, multiple, stacked or true two dimensional 
codes. 

Wands, fixed beam, and moving beam readers all 
operate using the same basic principle. Typically, a 
small spot of light is directed from a source of illumin- 
ation to the surface of the bar code and is swept 
across the entire length of the bar code (i.e. a scan 
line). The intensity of the reflected light from the beam 
is modulated by the bar code pattern. This reflected 
light is gathered by optics and focused on an optical 
detector which converts light intensity to an electrical 
signal. Since light areas reflect more than dark areas, 
the reflected light intensity represents the digital code 
which serves to identify the content of the bar code 
symbol. 

The wand is the least complicated of these read- 
ers and consists of a light source (typically an LED) 
and a photosensitive element in a pen-like package. 
The operator must sweep the wand across the length 
of the bar code while keeping the tip of the wand in 
contact with the bar code. This severely restricts the 
use of wands to applications where the operator can 
physically contact the bar code. Additionally, repeated 
sweeps of the bar code are typically necessary to ob- 
tain a valid read, increasing the overall time required 
to read each bar code. Wands will not read damaged 
or poorly printed bar codes. 

A fixed beam reader operates with the same ba- 
sic principles as the wand without the need to main- 
tain physical contact with the bar code. The spot, typ- 
ically produced by an LED or laser, is projected from 
the reader to distances up to about one foot. The opK 
erator is required to sweep the projected spot across 
the barcode. Fixed beam readers require very careful 
and accurate aim. Additionally, hand motions or jitter 
is amplified as the distance to the bar code increases. 
The longer the range, the larger the bar codes must 
be. Fixed beam readers will not read damaged or 
poorly printed bar codes. 

Moving beam readers direct an LED or laser 
beam in a repetitive linear (i.e. one-dimensional) 
scanning pattern using rotating or vibrating mirrors 
and lenses. These readers eliminate the need for 
manual scanning or sweeping of the code. A moving 
beam reader typically scans at about 40 scans per 



second, allowing multiple tiies on a bar code. This 
provides a better chance to get a valid read on a bar 
code with minimal damage. However the readers 
must get a complete valid scan (i.e. cut through all of 

5 the bars in one sweep) in order to decode a bar code. 
Moving beam readers are also restricted to reading 
small codes up close and large codes far away. Typ- 
ical range of moving beam readers is about one foot. 
Moving beam readers will not read damaged or poorly 

10 printed bar codes. 

Linear CCD readers eliminate the need for mech- 
anically sweeping a beam across bar codes, but re- 
quire a bright source of illumination. Linear CCD read- 
ers capture a one dimensional image of the bar code 

15 and read out the information as an electrical signal 
which is similar to the output of wand, fixed, or moving 
beam readers. Linear CCD readers have an extreme- 
ly small depth of field of about one inch, and are usu- 
ally limited to reading bar codes shorter than the width 

20 of the CCD reader head (typically less than 3 inches). 
Linear CCD readers will not read damaged or poorly 
printed bar codes. 

CCD readers typically use light emitting diodes 
(LED) for illumination. Attempts have been made to 

25 improve the performance of linear CCD readers by 
using flash illumination. Examples of such readers 
are shown in U.S. Pat Nos. 4,282.425; 4,766,300; 
and 4,570,057. However, the readers disclosed in 
these patents still have a very limited operating range 

30 of about one inch and therefore require a proximity 
sensor to detect when the reader is within the operat- 
ing range to prevent wasting flash energy. Additional- 
ly, the flash illuminates an area much larger than nec- 
essary, and provides no assistance with aiming the 

35 reader. The actual area that is imaged by the linear 
CCD sensor, and therefore the only area requiring il- 
lumination, is a typically under one tenth of a millime- 
ter tall by two or three inches wide. It is extremely dif- 
ficult to concentrate illumination energy on such a 

40 short area due to the diameter of the flash tube and 
the compromises required in the reflector design to 
accommodate the depth of field. Therefore, the flash 
illumination described wastes most of the illumination 
energy. 

45 U.S. Pat No. 4.877.949 discloses automated fo- 

cus based on distance measurement to improve the 
reading range of hand held linear CCD readers. How- 
ever, this reader only increased the range from the 
one inch of fixed optics linear CCD readers to three 

50 inches, and can still only read relatively short bar 
codes. The reader described must compromise the 
fixed flash illumination system even more to accom- 
modate this small increase in range, thereby decreas- 
ing illumination efficiency. Two marker light beams 

55 are required to delineate the image sensor field of 
view. The operator must therefore align the reader 
scan line with the bar code by placing the marker 
spots at both ends of the code, which in many cases 
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necessitates severe twisting of the arm and wrist. 

Many situations require reading of multiple codes 
•on a single label such as the Automotive Independent 
Action Group (AIAG) Specification B-3. Existing hand 
held readers must be individually aimed and triggered 
•at each individual bar code. Additionally, stacked bar 
codes such as Code 49 and 16K are very time con- 
suming and difficult to read with existing hand held 
bar code readers. True two dimensional codes {codes 
that do not encode information in a linear fashion only) 
such as Vericode, Datacode, and United Parcel Ser- 
vice UPSCODE. can not be read with these readers. 

In general, in the prior art, it is typically necessary 
for the operator to either orient the bar code, or other- 
wise position the bar code and/or the reader scan line 
manually in order to achieve proper operation. Prior 
art bar code readers have severe maximum range 
limitations. Within this limited range prior art bar code 
readers are restricted to reading large codes far away, 
and small codes up close. Also, prior art bar code 
readers have difficulty reading damaged, stacked, 
and multiple bar codes. Prior art bar code readers can 
not read true two dimensional codes. Furthermore, 
attempts to increase the range of prior art non-omni- 
directional bar code readers results in a difficult, and 
in many common situations, impractical devices to 
use. As range increases, the aiming accuracy and 
steadiness required with non-omnidirectional readers 
makes it very difficult to read bar codes tiiat do not 
have a high aspect ratio (ratio of height of tiie bars to 
overall bar code length). It therefore becomes virtually 
impossible to align the reader scan with short and or 
stacked codes at distance. Multiple and stacked 
codes become nearly impossible to read at distance. 
The common result of these limitations Is misread bar 
codes, unread bar codes, and/or excessive amounts 
of time to get in range and align the reader scan line 
with the barcode. Due to the limitations of the prior art 
bar code readers, the benefit of marking items with 
machine readable symbols is greatly reduced or lost. 

There wii be described hereinafter a hand-held 
reader in which bar codes are rapidly and reliably read 
omnidirectionally over a wide range of distances. Fur- 
thermore, a barcode reader to be described provides 
for omnidirectional reading of conventional, dam- 
aged, multiple, and stacked bar codes symbols along 
with true two dimensional codes. Omnidirectionality 
permits tiie operator to hold the gun at any arbitrary 
orientation and successfully read a bar code. 

A hand held bar code reader in accordance with 
one aspect of the present invention includes imaging 
optics and a two dimensional image sensor for cap- 
turing a two dimensional image which includes the im- 
age of a bar code, and image processing means for 
omnidirectionally reading the bar code image. By 
reading the bar image omnidirectionally, the operator 
does not have to carefully align the reader and the bar 
code so that reading a bar code from a distance of 



several feet or more becomes practical. Even at close 
range, bar code reading is easier and faster as com- 
pared to prior art hand held readers. 

In accordance with another aspect of the present 

5 invention, a hand held bar code reader includes flash 
illumination with focused optics for concentrating illu- 
mination energy only in tine field of view of the bar 
code reader. In such a manner, a focused flash con- 
serves energy and aids in pointing the hand held 

10 reader. 

In accordance with another aspect of the present 
invention, a hand held bar code reader includes vari- 
able focus and focal length (variable magnification, 
also known as zoom) imaging optics . A spotter beam 

15 is used for aiming the hand held bar code reader and 
is used with the two dimensional image sensor to 
measure the range to the label and to determine the 
focal length of the variable imaging optics. In such 
manner variable optics are adjusted automatically to 

20 provide the correct magnification and focus of a bar 
code regardless of range to the label- 
In accordance with yet another aspect of the pres- 
ent invention, a hand held bar code reader includes 
variable focal length flash illumination optics. The fo- 

25 cal length of the flash illumination optics are automat- 
ically adjusted to concentrate the illumination energy 
only in the field of view of the bar code reader (the 
field of view varies with the imaging optics). In such 
a manner, a focused flash with variable focal length 

30 conserves energy and aids in pointing the hand held 
reader. 

In accordance with yet another aspect of the pres- 
ent invention, a hand held bar code reader includes 
means for measuring the ambient light conditions and 
35 setting the flash energy accordingly. 

The invention and its practice will be further de- 
scribed witii reference to the accompanying draw- 
ings, in which: 

Figure 1 A is a diagrammatic side view illustrating 
40 a bar code reader in accordance wiUi the present in- 
vention. 

Figure 1B is a diagrammatic front view illustrating 
a bar code reader in accordance with the present in- 
vention. 

45 Figure 2 is a block diagram of a system for a bar 

code reader in accordance with the present invention. 

Figure 3 is a flow chart illusti-ating the operation 
of tiie bar code reader in accordance with the present 
invention. 

50 Figure 4 is a representation of the respective two 

dimensional areas illuminated and imaged by the bar 
code reader in accordance with the present invention. 

Figure 5 is a three dimensional illustration of the 
placement of the spotter beam with respect to the im- 
55 aging optics in accordance with the present invention. 

Figure 6A illustrates the horizontal displacement 
of the spotter beam with respect to the vertical plane 
of the Imaging optics in accordance with the present 
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invention. 

Figure 6B illustrates the vertical angular displace- 
ment of the spotter beam with respect to the horizontal 
plane of the imaging optics in' accordance with the 
present invention. 5 

A schematic assembly diagram of a bar code 
reader in accordance with the present invention is 
shown in figure 1A and 1B. Imaging optics 10-A with 
variable focus and 1 0-B with variable focal length are 
coupled to an image sensor 12. The focus and focal io 
length are set by optics actuators 14 and 16. Illumin- 
ation is provided by a xenon flash 18 with variable en- 
ergy. Flash optics 20 are used to provide an illumin- 
ated area approximately the same size as the imaged 
area. The flash optics are also variable and are set by is 
optics actuator 22. Bar code location, decoding, and 
overall reader control is provided by control and proc- 
essing electronics 24. Spotter beam 26 provides a tar- 
geting spot for reader aiming, and is used to measure 
distance from the reader. Trigger 28 activates the 20 
reading process. The decoded bar code information 
is output to an external device by the I/O port 30. 

A block diagram of the bar code reader is shown 
in figure 2. Imaging optics 10 with variable focus and 
focal length are coupled to an image sensor 12. The 25 
focus and focal length are set by optics actuators 32 
(comprised of actuators 14, 16 and 22 shown in figure 
1A). Illumination is provided by a flash 18 with vari- 
able light intensity. The flash 18 is typically a xenon 
tube. Flash optics 20 are used to provide an iilumin- 30 
ated area approximately the same size as the Imaged 
area. The flash optics are also variable and are set by 
optics actuator 22. 

The output of image sensor 12 is converted from 
analog to digital in AJD converter 34, and stored in a 35 
first memory 36. The first memory is preferably a dy- 
namic random access memory (DRAM). A first con- 
troller, imager ASIC 38, which may be an application 
specific integrated circuit (ASIC) controls the image 
sensor 12 and the image DRAM 36. This ASIC per- 40 
forms this and other tasks under the control of a digital 
signal processor 40. Digital signal processor 40 is typ- 
ically a high speed microprocessor such as the ADSP- 
2101 available from Analog Devices, Norwood. Mass. 
The memory space for digital signal processor 40 is 45 
both ROM 42 for program storage, and static random 
access memory 44 (SRAM) for image processing 
storage / scratch pad. The output of the reader 30 is 
decoded bar code information. 

The spotter beam 26 provides a beam of light 50 
used by the operator to aim the reader at a candidate 
bar code and provides a means for determining dis- 
tance to bar code. The spotter beam 26 is comprised 
of a light source, typically a visible laser diode (VLD) 
and a fixed lens. 55 

A second controller ASIC 46, is also under the 
control of DSP 40 and provides a means to control the 
electro-mechanical components of the reader. Con- 



trolled parameters include controlling the position of 
the optics actuators 32. the intensity and activation of 
the flash 18 as well as turning the spotter beam 26 on 
and off. Figure 3 shows a flow chart of the overall op- 
eration of the hand held bar code reader. 

In operation, a bar code read is initiated by trigger 
28 which via control ASIC 46, provides an input signal 
to DSP 40, shown as step 50 in figure 3. Responsive 
to the control outputs of DSP 40, control ASIC 46 turns 
on the spotter beam 26 at step 52 allowing the user 
to aim the reader at the label desired. 

The distance from the reader to the label must be 
measured to allow the correct setting of the imaging 
optics 1 0. and the flash optics 20. The reader deter- 
mines the distance at step 54 by capturing an image 
of the spotter beam, and then calculating the distance 
to the bar code by the position of the image of the 
beam on the image sensor. The reader also determi- 
nes the focal length setting of the imaging lens in the 
same manner, eliminating the need for separate sys- 
tems to determine distance (such as ultrasonic, or 
dedicated electro- opt! cat components) and lens focal 
length position encoding. " ' 

After the distance is determined, the imaging and 
flash optics are set at steps 56 and 58. The reader 
may turn off the spotter beam at step 60 and then cap- 
ture an image before turning on the flash illumination 
in order to determine the ambient light on the label, 
step 62. The amount of ambient light and the area re- 
quired to be illuminated allows the proper setting of 
flash energy at step 64. 

After the reader is aimed at the label, and the op- 
tics and flash energy are set. the system captures an 
image at step 66. This step may be performed under 
operator control by pulling the trigger again, or using 
a two position trigger. Alternatively, the initiation of im- 
age capture step could be performed automatically by 
having the reader wait a predetermined time after the 
spotter beam is turned on, or by detecting a lack of 
movement of the spotter beam. 

The image sensor 1 2 is electronically cleared and 
the flash 18 fires. The image captured on the image 
sensor 12 is read out and digitized by AJD converter 
34 and stored in image DRAM 36. A shutter may be 
necessary in readers that are used in bright ambient 
light to prevent the ambient light from corrupting the 
image during read out (typical image sensors are al- 
ways integrating). 

The reader now has a digitized image of its field 
of view, which may contain a bar code label, stored in 
image DRAM 36. The DSP 40, in conjunction with im- 
ager ASIC 38, perfornns stored programs to locate 
and decode the bar code at step 68. The process of 
locating and decoding a barcode stored in a digital im- 
age memory is described in detail in our co-pending 
European Patent applications 91302752.0, 
91302778.5 and 91302787,6 published under the 
numbers EP-A 0449634, 0450878 and 0449645 re- 
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spectively. The decoded bar code information is out- 
put to an external device by I/O port 30 at step 72. Ad- 

'ditionally, the I/O port 30 can be used to supply power 
to the hand held reader. 

The reader utilizes two processors to effectively 

-locate and read bar code labels at low cost The im- 
ager ASIC/processor 38, which operates under the 
control of the DSP 40, has specialized high speed al- 
gorithms to search the entire image for the bar code. 
The DSP 40 performs more detailed processing / de- 
coding on the areas identified by the imager ASIC 38 
as likely to contain a bar code. 

If no bar code was located / decoded, step 70, the 
reader may repeat the entire process as long as the- 
trlgger is still activated. 

Bar codes are commonly used in many different 
lengths depending on the number of characters of in- 
formation required. The length typically ranges from 
2 to 30 characters. Bar codes should be sampled at 
a density of approximately 1 .65 pixels for each narrow 
bar (commonly referred to as the x-bar or module) to 
provide an adequate resolution. It is therefore neces- 
sary to use a high resolution imager to read the longer 
bar codes. 

A suitable image sensor for use with the present 
invention is the MOS image sensor array 98268 avail- 
able from Hitachi Corporation. This sensor has 768 
pixels in the horizontal direction and 576 pixels in the 
vertical direction. The pixels are 11 microns square. 
At the preferred sample density of 1.65 pixels per 
module, a reader incorporating the 98268 imager will 
be able to read bar codes that are approximately 31 
characters long horizontally (768 pixels) / (1.65 pix- 
els / module) / (1 5 modules / character), and 23 char- 
acters vertically of Code 39. 

The focal length of the imaging optics must be set 
to provide the correct magnification for the desired 
sample density. The focal length is a function of the 
module size of the bar code, the size of the imager, the 
distance from the reader to the barcode, and the sam- 
ple density. The preferred embodiment of the reader 
uses an imaging lens that has a focal length that rang- 
es from approximately 12 to 75 mm. This provides a 
wide range of coverage for various module size bar 
codes at distances ranging from about 1 to 8 feet. 

The maximum range of the reader is a function of 
the focal length and module size. Range increases as 
focal length and/or module size increases. For exam- 
ple, the maximum range of the preferred embodiment 
for a bar code with a module size of 10 mils is approx- 
imately 54 inches at the maximum focal length setting. 
If the bar code had a module size of 20 mils, the range 
doubles to approximately 108 inches at the maximum 
focal length setting. 

It is desirable to maintain the same number of pix- 
els per module, regardless of the size of the module 
and the distance away, though this is not possible in 
all circumstances. One instance is reading a barcode 



with a very large module size up close. Since it is not 
practical to have lenses with a focal length short 
enough (wide enough angle) to capture the bar code 
at 1 .65 pixels per module at close range, this situation 

5 can be handled by down sampling the image. For ex- 
ample, the preferred embodiment's lens shortest fo- 
cal length is 12 mm. Therefore the closest range at 
which a bar code with a module size of 40 mils can be 
sampled at 1 .65 pixels /module is approximately 46 

10 inches. If this bar code was only 23 inches away, the 
image would be captured at a sample density of 3.3 
samples/module. The image must then be down- 
sampled by a factor of two in each direction (X and Y). 
In the this simple example, every other pixel vertically, 

15 and horizontally could be discarded. Down-sampling 
can also be performed in non-integer fashion by inter- 
potation. The process of interpolation Is well known to 
those skilled in the art of digital signal processing, and 
is described by Peled and Liu in "DIGITAL SIGNAL 

20 PROCESSING theory, design, and Implementation'*, 
published in 1976 by John Wiley and Sons. The ability 
to automatically control focal length and/or down- 
sampling overcomes the longstanding weaknesses of 
prior art bar code readers: short range, small depth of 

25 fields, and the restriction of reading small module size 
bar codes up close and large module bar codes far 
away. 

The reader may have three basic modes of oper- 
ation for determining the correct setting of magnif ica- 

30 tion. The first mode {or "known" mode) is when the 
module size of the barcode to be read is known before 
the whole reading process begins. This knowledge 
could be entered into the reader via the I/O port 30, 
or other means. 

35 In the known mode, the only additional informa- 

tion required to set the focal length for each read is the 
distance to the bar code. In operation, the reader Is 
aimed at the code, the distance is measured, and the 
focal length required is easily computed by the DSP, 

40 The focal length is set to provide a sample density of 
1 .65 pixels/module and the reader captures and proc- 
esses the bar code. If the bar code is too close for the 
preferred sample density of 1.65 samples/module, 
the focal length is set to the minimum, and the down- 

45 sampling required is easily computed as a function of 
distance and module size. 

The second mode (or "unknown mode") is when 
the module size of the bar code to be read is unknown 
before the whole reading processes begins. In un- 

50 known mode, an image of the bar code is captured at 
the maximum focal length, the image is processed to 
determine the module size, and if necessary, the op- 
tics are reset to recapture and reprocess the bar code 
at the desired sample density. 

55 Since the module size is unknown, maximum fo- 

cal length is initially set lo guarantee adequate reso- 
lution of the bar code in the chance that nnodule size 
is small. There are a variety ways to process the im- 
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age of the bar code to determine the module size. The 
preferred embodiment determines the module size by 
performing on the image at various degrees of down- 
sampling the locating process described in co- pend- 
ing Patent Application 91302787.6 (EP-A 0449645). 

If the module size, and therefore sample density 
was determined to be correct on the first image ca(>- 
ture, the reader continues on to process and decode 
the bar code without resetting the optics. In the situa- 
tion where the sample density was incorrect (too high 
for example), but the entire bar code was in the field 
of view, the reader can also continue on to process 
and decode the bar code in a down-sampled fashion. 
In the situation where the sample density was incor- 
rect (too high), but the entire bar code was not com- 
pletely in the field of view, the focal length must be re- 
duced to provide the correct sample density and allow 
the recapture of the entire image of the bar code. 

A third operating mode, memory mode, is a conrv 
bination of known and unknown mode. In memory 
mode, when the reader first reads, it temporarily cf>- 
erates in unknown mode to determine the module size 
of the oar code. The reader stores the module size 
and on the second and all subsequent reads, it oper- 
ates in known mode, using the stored module size. If, 
during memory mode, the reader fails to read using 
the stored module size, it may return to unknown 
mode to update the module size required. 

The illumination source for the preferred embodi- 
ment may be a xenon flash tube, a reflector, and va- 
riable focal length optics. The focal length of the flash 
optics tracks the focal length of the imaging optics to 
provide an illuminated area 74 approximately the 
same size as the imaged area 76 as shown in figure 
4. The exact focus of the flash optics is not critical 
since the goal of the illumination is to project light en- 
ergy, not an image. The only requirement is that the 
illuminated area must be equal to or greater than the 
imaged area. The axis of the illumination optics may 
need adjustment up or down in the vertical plane {in 
a reader where the illumination axis is above the inrv 
aging axis) as a function of distance to ensure illumin- 
ation of the entire image area at all ranges. This par- 
allax correction could be coupled to the imaging op- 
tics focusing actuator, since the focus is a function of 
distance. However, in the preferred embodiment, the 
need for a mechanical parallax correction is eliminat- 
ed by providing a slightly larger illuminated area. 

As the imaged area size increases, the amount of 
flash energy required to illuminate the area also in- 
creases. The energy of the flash may be controlled to 
provide near constant illumination energy for the va- 
rious range and focal length setting of the reader and 
to compensate for ambient light conditions, tf the 
reader is used in bright ambient conditions, for exam- 
ple, the energy of the flash would be adjusted so that 
the combination of the ambient light and the flash pro- 
vides the correct energy density. Additional benefits 



of a variable focal length and energy flash include the 
reduction of the energy to operate the reader (the 
flash consumes a large portion) by not wasting ex- 
cess flash energy, reduced distraction to nearby per- 

5 sonnel due to the restricted illuminated area, and- 
compensation for the reader's lack of a variable aper- 
ture. Since the focused flash provides an illuminated 
area 74 approximately the same size as the imaged 
area 76 the flash may be used as an alternative meth- 

10 od for aiming the reader, eliminating the need for a 
separate aiming device (i.e. spotter beam) in certain 
applications. 

The control of flash energy is well known in the 
field of photography. The maximum amount of illumin- 

75 ation energy required determines the actual type and 
size of xenon hjbe required. Any reduction of energy 
from the maximum is typically accomplished by set- 
ting the length of the flash pulse. 

The distance from the reader to the label must be 

20 measured to allow the correct setting of the imaging 
optics 10, and- the flash optics 20. The reader deter- 
mines the distance by capturing an image of the spot- 
ter beam, and then calculating the distance to the bar 
code by the position of the image of the beam on the 

25 image sensor. The reader also determines the focal 
length setting of the imaging lens in the same manner. 
This eliminates the need for separate systems to de- 
termine distance (such as ultrasonic, or dedicated 
electro-optical components) and lens focal length 

30 position encoding. 

The preferred embodiment uses a visible laser di- 
ode (VLD) 80 to provide the spotter beam as shown 
in figures 5 and 6. The VLD 80 is positioned in a man- 
ner that provides a beam 82 that is parallel to vertical 

35 plane 84 intersecting the axis 86 of the imaging optics. 
The horizontal position of an image of the spotter 
beam 82 on the image sensor 12 is proportional to the 
distance firom the reader to the target. As the distance 
becomes greater, the spotter beam image moves 

40 closer to the center of the image sensor . The distance 
is calculated from the geometry of similar triangles. In 
Figure 6A, the label 90 (position b) with a range Rb 
produces an image of the spotter beam 82 at dis- 
placement dxb 92. Label 88 at a greater distance Ra 

45 (position a) produces an image of the spotter beam 
closer to the center of the image sensor, displacement 
dxa 94. 

In order to determine exact distance, the focal 
length must be known. The preferred embodiment 

so also uses the spotter beam 32 to determine focal 
length. In addition to being parallel to vertical plane 84 
which Intersects the axis of the imaging optics, the 
VLD 80 Is positioned to project spotter beam 82 at an 
angle theta up from the horizontal plane 96 as shown 

55 in figure 5 and 6B. The vertical position of the spotter 
beam image on the image sensor 1 2 is therefore pro- 
portional to the focal length of the Imaging optics, re- 
gardless of distance. As shown in figure 6B the angle 
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theta of the spotter beam 82 is independent of the lab- 
el distance. The angle theta. for a given focal length 
is the same for label 90 at distance Ra (position a), 
and label 88 at distance Rb (position b). The angle, 
and therefore focal length is measured by the vertical 
displacement 98 (dy) on image sensor 12. 

The focusing and focal length determination 
process is repeated in an iterative fashion to obtain 
the most accurate results. When the trigger 28 is first 
activated, the optics may be in a predetermined rest 
position, or alternatively where the last read left them, 
depending on the design of the reader and type of ac- 
tuators used. The first image of the spotter beam 82 
may therefore be relatively unfocused. The reader de- 
termines a coarse range and focal length with this first 
image, and uses this information to reset the optics. 
As the optics are moving to their new settings, new 
range and focal length determinations are continu- 
ously made. Each new determination is then used to 
fine tune the optics setting. If, after an initial determi- 
nation of the distance is made, the focal length is in- 
correct for a given module size and distance (as in 
memory mode), the reader adjusts the focal length, 
and then repeats the focusing procedure. There are a 
wide variety of actuators that can be used for the op- 
tics. 

Since multiple images of the spotter beam are 
normally required for focal length setting and focus, it 
is desirable to capture and digitize only a subset of the 
total image likely to contain the spotter beam image. 
The chosen Hitachi 98268 image sensor along with 
the correct image sensor drive control using proces- 
sor 40 and ASIC 38 allows readout of only a small por- 
tion of the entire sensor 1 2. Since readout time of the 
entire imager is approximately 30 msecs, readout of 
only the area of interest saves time and energy. It is 
also desirable to pulse the VLD 80 to save energy and 
to meet safety standards while projecting the brightest 
spot possible. 

While it is appreciated that there are many ways 
to determine range to an object, the present invention 
determines both range and focal length without add- 
ing any additional components. Additionally, the read- 
er may be calibrated during manufacture by position- 
ing targets with known module sizes at known distanc- 
es from the reader. The reader may then iterattvely set 
its optics, capture and process the image of the tar- 
gets until the correct focal length (sample density), 
and best focus are achieved. The horizontal and vert- 
ical displacements of the image of the spotter beam 
for various combinations of module size and distance 
during calibration may then be stored in nonvolatile 
memory and used to determine the correct optics set- 
ting for any situation. 



Claims 

1. In a hand held bar code reader, a method of op- 
eration comprising: 

5 aiming said bar code reader at a bar code 

by hand; 

capturing a two dimensional image, said 
two dimensional image containing the image of 
said bar code; and 
10 scanning said two dimensional image in an 

omnidirectional manner to read out information 
contained in said bar code. 

2. A method in accordance with claim 1, further 
15 comprising: 

providing a focused flash of illumination, 
said focused flash of illumination substantially 
covering the field of view of said bar code reader. 

20 3. A method in accordance with claim 2, further 
comprising; 

measuring the level of ambient light; and- 
setting said flash of Illumination energy ievel in 
accordance with said measured level of ambient. 

25 light. 

4. A method in accordance with claim 2 wherein said 
hand held barcode reader includes variable flash 
illumination optics, said method further compris- 

30 ing: 

setting the focal length of said variable, 
flash illumination optics. 

5. A method in accordance with claim 1 wherein said 
35 hand held bar code reader includes variable irrv 

aging optics, said method further comprising: 

setting the focal length of said variable im- 
aging optics of said hand held bar code reader to 
provide magnification of said bar code image at 
40 a predetermined level. 

6. A method in accordance with claim 5. further 
comprising: 

setting the focus of said variable imaging 

45 optics. 

7. A method in accordance with claim 5, wherein 
said focal length setting to provide said predeter- 
mined level of said magnification of said bar code 

50 at a given distance from said bar code reader is 

a constant 

8. A method in accordance with claim 5, wherein 
said focal length setting to provide said predeter- 

55 mined level of said magnification of said bar code 

at a given distance from said bar code reader is 
a determined from said two dimensional image 
containing the innage of said bar code. 
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9. A method in accordance with claim 6 wherein said 
hand held bar code reader includes variable im- 
aging optics, said method further comprising: 

measuring the focal length of said variable 
imaging optics. 5 

10. A method in accordance with daim 9, further 
comprising: 

measuring the range to said bar code from 
said hand held bar code reader. io 



17. A method in accordance with daim 16, further 
comprising: 

setting the focal length of said variable 
flash illumination optics. 

18. A method in accordance with daim 1 wherein said 
hand held bar code reader indudes variable irr>- 
aging optics, said method further comprising: 

measuring the focal length of said variable 
imaging optics. 



11. A method in accordance with daim 10, further 
comprising: 

providing a spotter beam to visually locate 
said bar code, said spotter beam being substan- 15 
tially parallel to one plane of said hand held bar 
code reader and 

using said spotter beam and said two di- 
mensional image to determine said measured fo- 
cal length and said measured range. 20 

12- A method in accordance with claim 1 wherein said 
hand held bar code reader indudes variable im- 
aging optics, said method, further comprising: 

providing a spotter beam to visually locate 25 
said bar code, said spotter beam being substan- 
tially parallel to one plane of said hand held bar 
code reader 

measuring the range to said bar code from 
said hand held bar code reader and 30 

measuring the focal length of said variable 
imaging optics using said spotter beam. 

13. A method in accordance with daim 12. further 
comprising: 35 

setting the focus of said variable imaging 

optics. 

14. A method in accordance with claim 13, further 
comprising: 40 

setting the focal length of said variable im- 
aging optics of said hand held bar code reader to 
provide magnification of said t^r code image at 
a predetermined level. 

45 

15. A method in accordance with daim 14. wherein 
said focal length setting to provide said predeter- 
mined level of said magnification of said barcode 
at a given distance from said bar code reader is 

a constant- so 

16. A method in accordance with daim 14, wherein 
said focal length setting to provide said predeter- 
mined level of said magnification of said barcode 

at a given distance from said bar code reader is 55 
determined from said two dimensional image 
containing the image of said bar code. 



19. A method in accordance with daim 18, further 
comprising: 

measuring the range to said bar code from 
said hand held bar code reader. 

20. A method in accordance with daim 19, further 
comprising: 

providing a spotter beam to visually locate 
said bar code, said spotter beam being substan- 
tially parallel to one plane of said hand held bar 
code reader and 

using said spotter beam and said two di- 
mensional image to determine said measured fo- 
cal length and said measured range. 

21. In a hand held bar code reader, having variable 
imaging optics, and flash illumination including 
variable flash illumination optics, a method of op- 
eration comprising: 

aiming said hand held bar code reader at 
a bar code by hand; 

providing a spotter beam to visually locate 
said bar code, said spotter beam being substan- 
tially parallel to one plane of said hand held bar 
code reader 

measuring the range to said bar code from 
said hand held bar code reader using said spotter 
beam; 

measuring the focal length of said variable 
imaging optics using said spotter beam; 

setting the focal length of said variable im- 
aging optics to provide magnification of said bar 
code image substantially at a predetermined lev- 
el: 

setting the focal length of said variable 
flash illumination optics; . 

measuring the level of ambient light; 

setting said flash of illumination energy 
level in accordance with said measured level of 
ambient light; 

providing a focused flash of illumination, 
said focused flash of illumination substantially 
covering the field of view of said bar code reader 

capturing a two dimensional image, said 
two dinrtensional image containing the image of 
said bar code; and 

scanning said two dimensional image in an 
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omnidirectional nnanner to read out infornnation 
contained in said bar code. 

22. A hand held bar code reader comprising; 

means for aiming said bar code reader at 5 
a bar code by hand; 

means for capturing a two dimensional im- 
age, said two dimensional image containing the 
image of said bar code; and 

means for scanning said two dimensional io 
image in an omnidirectional manner to read out 
information contained in said bar code. 

23. An apparatus in accordance with claim 22, further 
comprising: ^5 

means for providing a focused flash of il- 
lumination, said focused flash of illumination sub- 
stantially covering the field of view of said bar 
code reader. 

20 

24. An apparatus in accordance with claim 23, further 
comprising: 

means for measuring the level of ambient 
light; and means for setting said flash of illumin- 
ation energy level in accordance with said meas- 25 
ured level of ambient tight. 

25. An apparatus in accordance with claim 23, where- 
in said hand held bar code reader further com- 
prises: 30 

variable flash illumination optics; 
means for setting the focal length of said 
variable flash illumination optics. 

26. An apparatus in accordance with claim 22 where- 35 
in said hand held bar code reader further conv 
prises: 

variable imaging optics; 

means for setting the focal length of said 
variable imaging optics of said hand held bar 40 
code reader to provide magnification of said bar 
code image at a predetermined level. 

27. An apparatus In accordance with claim 26, further 
comprising: •*5 

means for setting the focus of said variable 
imaging optics. 

28. An apparatus in accordance with claim 26, where- 
in said meajis for setting said focal length pro- so 
vides said predetermined level of said magnifica- 
tion of said bar code at a given distance from said 

bar code reader at a constant. 

29. An apparatus in accordance with claim 26. where- 55 
in said means for setting said focal length pro- 
vides said predetermined level of said magnifica- 
tion of said bar code at a given distance from said 



bar code reader at a value determined from said 
two dimensional image containing the image of 
said bar code. 

30. An apparatus in accordance with claim 27 where- 
in said hand held bar code reader further com- 
prises: 

variable imaging optics; and 
measuring the focal length of said variable 
imaging optics. 

31. An apparatus in accordance with claim 30, further 
comprising: 

means for measuring the range to said bar 
code from said hand held bar code reader. 

32. An apparatus in accordance with claim 31 , further 
comprising: 

a spotter beam for visually locating said 
bar code, said spotter beam being substantially 
parallel to one plane of said hand held bar code 
reader; and 

means responsive to said spotter beam 
and said two dimensional image to determine 
said measured focal length and said measured 
range. 

33. An apparatus in accordance with claim 22 where- 
in said hand held bar code reader further conrv- 
prises: 

variable imaging optics; 

a spotter beam for visually locating said 
bar code, said spotter beam being substantially 
parallel to one plane of said hand held bar code 
reader; 

means responsive to spotter beam for 
measuring the range to said bar code from said 
hand held bar code reader; and 

means responsive to said spotter beam for 
measuring the focal length of said variable imag- 
ing optics. 

34. An apparatus method in accordance with claim 
33, further comprising: 

means for setting the focus of said variable 
imaging optics. 

35. An apparatus in accordance with claim 34. further 
comprising: 

means for setting the focal length of said 
variable imaging optics of said hand held bar 
code reader to provide magnification of said bar 
code image at a predetermined level. 

36. An apparatus in accordance with claim 35, where- 
in said means for setting said focal length pro- 
vides said predetermined level of said magnifica- 
tion of said bar code at a given distance from said 
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bar code reader is a constant 

37. An apparatus in accordance with daim 35, where- 
in said means for setting said focal length pro- 
vides said predetermined level of said magnif ica- 5 
tion of said bar code at a given distance from said 

bar code reader at a value determined from said 
two dimensional image containing the image of 
said bar code. 

10 

38. An apparatus in accordance with daim 37, further 
comprising: 

means for setting the focal length of said 
variable flash illumination optics. 

15 

39. An apparatus in accordance with daim 22 where- 
in said hand held bar code reader further conv 
prises: 

variable imaging optics; and 
means for measuring the focal length of 20 
said variable imaging optics. 

40. An apparatus in accordance with claim 39, further 
comprising: 

means for measuring the range to said bar 25 
code from said hand held bar code reader 

41. An apparatus in accordance with claim 40, further 
comprising: 

a spotter beam for visually locating said 30 
bar code, said spotter beam being substantially 
parallel to one plane of said hand held bar code 
reader; and 

means responsive to said spotter beam 
and said two dimensional Image for determining 35 
said measured focal length and said measured 
range. 

42. A hand held barcode reader comprising: 

variable imaging optics; 40 

means for flash illumination, induding va- 
riable flash illumination optics; 

aiming said hand held bar code reader at 
a bar code by hand; 

a spotter beam for visually locating said 45 
bar code, said spotter beam being substantially 
parallel to one plane of said hand held bar code 
reader 

means for measuring the range to said bar 
code from said hand held bar code reader using 50 
said spotter beam; 

means for measuring the focal length of 
said variable imaging optics using said spotter 
beam; 

means for setting thefocusof said variable 55 
imaging optics; 

means for setting the focal length of said 
variable imaging optics to provide magnification 



of said bar code image substantially at a prede- 
termined level; 

means for setting the focal length of said 
variable flash illumination optics: 

means for measuring the level of ambient 

light; 

means for setting said flash of illumination 
energy level in accordance with said measured 
level of ambient light; 

means for providing a focused flash of il- 
lumination, said focused flash of illumination sub- 
stantially covering the field of view of said bar 
code reader 

means for capturing a two dimensional im- 
age, said two dimensional image containing the 
image of said bar code; and 

means for scanning said two dimensional 
image in an omnidirectional manner to read out 
information contained in said bar code. 

43. In a barcode reader induding a two dimensional 
imaging means with variable optics for capturing 
a two dimensional image containing the image of 
said bar code, a method for determining range 
and focal length comprising: 

providing a spotter beam to visually locate 
said bar code, said spotter beam being substan- 
tially parallel to a first plane of said bar code read- 
er, and said spotter beam being at a substantially 
fixed angle to a second plane of said bar code 
reader; 

measuring the first displacement of said 
spotter beam in said two dimensional image 
along an axis perpendicular to said first plane; 

measuring the second displacement of 
said spotter beam in said two dimensional image 
along an axis perpendicular to said second plane; 

determining the focal length of said vari- 
able optics from said second displacement; and 

determining the range between said bar 
code and said bar code reader from said first and 
second displacements. 

44. A bar code reader comprising: 

a two dimensional imaging means with va- 
riable optics for capturing a two dimensional inv 
age containing the image of said barcode; 

a spotter beam for visually locating said 
bar code, said spotter beam being substantially 
parallel to a first plane of said bar code reader, 
and said spotter beam being at a substantially 
fixed angle to a second plane of said bar code 
reader 

means for measuring the first displace- 
ment of said spotter beam in said two dimensional 
image along an axis perpendicular to said first 
plane; 

means for measuring the second displace- 
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ment of said spotter beam in said two dimensional 
image along an axis perpendicular to said second 
plane; 

means responsive to said second dis- 
placement for determining the focal length of said 5 
variable optics; and 

means responsive to said first and second 
displacements for determining the range be- 
tween said bar code and said bar code reader. 

10 

45. A method In accordance with claim 1 further com- 
prising measuring the range to said bar code from 
said bar code reader. 

46- A method In accordance with claim 45, wherein is 
said hand held bar code reader further includes 
variable imaging optics, said method further com- 
prises: 

setting the focal length of said variable Im- 
aging optics to provide magnification of said bar 20 
code image substantially at a predetermined lev- 
el; and 

setting the focus of said variable imaging 

optics. 

25 

47. An apparatus in accordance with claim 1 further 
comprising means for measuring the range to 
said bar code from said bar code reader. 

48. An appartus In accordance with claim 47, wherein 30 
said hand held bar code reader further includes 
variable imaging optics, said apparatus further 
comprises: 

means for setting the focal length of said 
variable imaging optics to provide magnification 3S 
of said bar code image substantially at a prede- 
termined level; and 

means for setting the focus of said variable 
imaging optics. 

40 
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